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POTENTIAL USES OF A PROTOTYPE LINEAR FRESNEL CONCENTRATION 1 
SYSTEM 2 
1. Abstract 3 
This study analyzes the energy potential of a linear Fresnel solar (LFS) system based on 4 
a case study of the equipment mounted in the city of San Carlos, Salta province, 5 
Argentina. The average thermal power and thermal losses from the absorber and field 6 
pipes to the environment were calculated by hour, taking into account the hourly direct 7 
normal irradiance (DNI) obtained by Liu-Jordan method, based on global horizontal 8 
irradiation (GHI) measurements. This paper shows the amount of thermal energy that 9 
the LFS under study is able to generate for processes uch as hard water desalination, 10 
electric power generation, and drying of vegetables. The results of the calculations show 11 
that the linear Fresnel system is capable of producing steam with thermal energy in the 12 
range of 460 - 1200 MJth, which means an annual production of 243 GJth. As for the 13 
power block, it is possible to obtain an annual generation of 1.5 GWhe, depending on 14 
operating conditions of the steam engine (288 rpm regime at 6 bar). The production of 15 
desalinated water reaches the range of 98 - 112 m3, depending on whether the steam is 16 
previously used for power electric generation or not.17 
Keywords: Linear Fresnel; thermal power; desalination; power generation. 18 
2. Introduction 19 
Linear solar concentration is a viable and cost-effective technology with a promising 20 
future. If the working fluid is water, steam can be directly generated in the absorber 21 
without costly intermediate heat exchangers. There are two types commonly developed 22 
by industry: parabolic trough (PTC) and Linear Fresnel (LFC). Both have been 23 
extensively studied and characterized, with special interest on large-scale systems for 24 
on-grid electricity generation (Hachicha et al., 2018; Elsafi, 2015; Serrano – Aguilera et 25 
al., 2017; Qui Yu et al., 2017; Cagnoli et al., 2018; Tsekouras et al., 2018). On the other 26 
hand, studies on small-scale concentrating systems – which provide heat outputs in the 27 
range of 150 – 300 °C are scarce. These systems have promissory applications in 28 
combined heat and power generation (Heimsath et al., 2010) water desalination 29 
(Borunda et al., 2016), heating/cooling of buildings (Zhou et al., 2017; Bermejo et al., 30 
2010), advanced absorption air cooling using Solar-GAX cycle (Velázquez et al., 2010), 31 
domestic water heating (Mokhtar et al., 2016; Sultana et al., 2010) steam generation for 32 
mining, and also in textile, paper and chemical industries, timber, food, and agriculture 33 
(Barbón et al., 2018; Zhu and Chen, 2018). The great potential of this technology was 34 
highlighted by Rawlins and Ashcroft (2013) who predict a growth of small-scale 35 
systems for industrial processes of about 2.5 (global y) and 4.6 (in Latin America and 36 
Africa), from now to 2050. The large variety of possible applications of small systems is 37 
promissory, but further research is needed in order to characterize their thermodynamic 38 















The utilization of energy of all thermodynamic cycles relies heavily on the efficiency of 40 
their parts. Generally, the purpose is to optimize th  components of a given thermo-41 
energetic installation so that, overall, the utilizat on of energy takes place in optimal 42 
conditions. It is also possible to optimize the t rmal performance of a system, like a 43 
solar plant, by calibrating the working temperature and pressure (Lin et al., 2013). One 44 
of the most important design parameters for a compact solar plant (CSP) is design 45 
irradiance, which is the direct normal irradiance (DNI) at which the plant produces the 46 
nominal electric power. Due to the daily and seasonl variation in radiation, determining 47 
appropriate design irradiance is extremely important; low design irradiance results in 48 
excessive unutilized energy, and high design irradiance results in low capacity factor of 49 
the plant (Desai et al., 2014). The net energy capable of being transformed into useful or 50 
usable energy is influenced by thermodynamic, mechani al, or strategic parameters, 51 
according to the use of the available thermal energy.  52 
This study analyzes the energy potential of a linear Fresnel solar (LFS) system for 53 
different strategies for uses of thermal energy contained in the steam based on a case 54 
study of the equipment mounted in the city of San Carlos, Salta province, Argentina 55 
(Saravia et al., 2014; Hongn et al., 2015). There is no other similar technology in 56 
Argentina neither in South America. Furthermore, this equipment was built with 100 57 
percent of local materials whose are easy to obtain in the region. This represents an 58 
advantage to decide which technology to use for solar concentration and thermal 59 
generation. 60 
First, this work presents the solar gain in the absorption system and then the successive 61 
energetic transformations within a Rankine type closed system for four variants: i) 62 
direct steam feed to a condenser; ii) power generation; iii) hard water desalination and 63 
iv) both process together, power generation and desalination. Each stage is studied from 64 
an analytical, theoretical, and experimental perspectiv , on the basis of in situ 65 
measurements and computational simulations (Hongn, 2017; Hongn et al., 2015; 66 
Dellicompagni et al., 2015 – 2016 – 2018). The energy flow and the energy losses are 67 
analyzed from the solar gain in the absorber to the condenser inlet. The aim of this 68 
analysis is to determine the energy available for different applications, such as fruit and 69 
vegetable kilns, greenhouses, vegetable oil extraction, water desalination, etc. 70 
3. The thermodynamic cycle 71 
The LFS system installed in the city of San Carlos (Saravia et al., 2014) uses the 72 
conventional Rankine cycle with water steam as the heat-transfer fluid (HTF). This is 73 
the most widely used type of cycle in solar concentration plants (Desai et al., 2014), 74 
though other configurations also exist, such as the Kalina cycle, used in solar plants as 75 
















Figure 1. Scheme of the installation and circulation of fluids. 78 
Figure 1 shows the current configuration of the Fresnel pilot plant of San Carlos. It has 79 
a positive displacement pump (a), which pressurizes th  water coming from the tank (o) 80 
to the inlet of the absorber (d). Then heat gain and evaporation of the HTF take place. 81 
When is possible, the water steam is used for thermal storage (f), power generation (g), 82 
or desalination (h). It means that the steam can circulate to several consumers. 83 
The residual steam is used to preheat the air from the environment that will be injected 84 
into the dryer chamber by means of a turbine (k). This thermal exchange takes place in 85 
the condenser (i). After that, the condensate is pumped into the tank through the return 86 
pipe (j). In addition, the equipment has a control cabinet (n) for power supply to 87 















with another passive solar collection system (Condorí et al., 2009), which makes the 89 
drying process more versatile. This is a passive on that uses solar gain to heat the 90 
environmental air. Both air, the heated by steam/condenser as well as passive system, 91 
are mixed in the main duct before the fan-turbine. This passive solar collector is used 92 
when the Fresnel System is no operating. 93 
Table 1 presents some parameters of the LFS under study (Hongn, 2017; Flores Larsen 94 
and Hongn, 2014).  95 
Table 1. Specifications of the absorber and reflector field. 96 
Parameters Dimensions 
Number of tubes 5 
Total length of the absorber 30 m 
Inner diameter of the head pipe, di 26.6 mm 
Outer diameter of the head pipe, do 33.4 mm 
Area of absorber pipes, Aabs 3.05 m
2 
Mirror level height of the absorber, H 6.96 m 
Thermal conductivity of the collector pipes 64 W m-1 k-1 
Collection area, Ac  172 m2 
Area per row of mirrors, Ai  21.5 m2 
4. Incident thermal power and thermal losses 97 
The city of San Carlos is located in a favorable ara for harnessing solar energy (Lat. -98 
25.88; Long. -65.33). Grossi Gallegos et al. (2009) studied the solar resource in this city 99 
through the Solarimetric network (G. Gallegos & Righini, 2007; Raichijk et al., 2008), 100 
by calculating the average global daily irradiation (kWh/m2). They also analyzed the 101 
probability of occurrence of consecutive cloudy days. The study concluded that global 102 
horizontal irradiation (GHI) reaches maximum values of 6.5 kWh/m2 (23.4 MJ/m2) in 103 
November and December, and minimum values of approximately 3.5 kWh/m2 (12.6 104 
MJ/m2) in June. Measurements carried out in the place whre the LFS is located 105 
indicated that the daily average global horizontal irradiation (DAGHI) reaches 28.7 106 
MJ/m2 in summer (Figure 2). 107 
 108 
Figure 2. Global horizontal irradiation terrestrial data measured in San Carlos. 109 
Unfortunately, there are no measurements of direct normal irradiation (DNI) for San 110 
Carlos. However, it is possible to obtain DNI and diffuse components of solar 111 
irradiation from estimation models such as the hybrid Yang model (Yang et al., 2001) 112 


































components taking into account terrestrial measurements of temperature, humidity, and 114 
turbidity. If turbidity is unavailable, the Ångström’s technique is commonly used 115 
(Ångström, 1961). Liu-Jordan model considers the daily average of GHI measured in 116 
the location. 117 
To determine the incident thermal power Q i, for the case without blocking or shading, 118 
equation 1 could be applied (Altamirano, 2014). 119 
Q i = ∑ DNI	 ∙ A	                                                                                                   (1) 120 
However, this equation does not quantify the real gain, because certain factors further 121 
reduce the amount of irradiance that reaches the absorber. The average hourly thermal 122 
power (W) absorbed by the HTF is calculated as follows (Hongn, 2017 - 2018): 123 
Q  = Q 	 − ∆Q 	                                                                                                     (2) 124 
where: 125 
Q 	 = DNI ∙ F ∙ τ ∙ α ∙ ∑ A	 ∙ ρ	 ∙ cosθ	 ∙ f	 ∙ F		             (3) 126 
∆Q 	 = U ∙ A ! ∙ "T$	$ − T% 	&'(             (4) 127 
where: 128 
U = 0.357 ∙ T$	$ − T% 	&'../0W/m2K             (5) 129 
Equation 5 for global heat loss was determined by Flores Larsen et al. (2012) in 130 
laboratory tests. These measurements were performed on a Fresnel model of absorber at 131 
a real geometrical scale, but with a length of 1.4 m and an insulating cover. Tpipe is the 132 
average temperature of the absorber pipes and Tambient is the ambient temperature of the 133 
place where the tests were carried out. Equation 5 gives global heat loss values between 134 
3 and 6 W/m2K, in line with Singh et al. (2010a, 2010b), Khan (1999), and Negi et al. 135 
(1989), who determined that the power curve may be attributed to the dominance of 136 
radiation losses, which increases significantly with temperature. The geometry and 137 
materials of the absorber reported by Flores Larsen (2012) are more similar to those 138 
reported by Singh et al (2010a, 2010b). Other studies of absorbers with non-evacuated 139 
tubes gave values of 2.0 W/mK (Häberle et al., 2002), 1.25 W/mK (Feuermann et al., 140 
1991), and 1.0 W/mK (Facão et al., 2011). It is important to note that there are 141 
significant differences between the mentioned absorbers, such as the number of tubes, 142 
the geometry, the infrared emittance due to the selctive paintings, the use of CPC 143 
cavities, etc., and these differences explain the variations in the values of the overall 144 
heat loss coefficients. 145 
The coefficient fi is the illuminated fraction of the absorber (end effect). In addition, the 146 
cosine effect (cosθi) (Morin et al., 2012), the cleanliness factor (Fe), the reflectivity of 147 
reflectors (ρi), the intercept factor of receiver (Fi), the transmissivity of the receiver 148 















the values of these factors were calculated by Hongn (2017) in hourly terms for all 150 
characteristic days of the year. 151 
Several authors (Carvalho et al., 2007; Mertins, 2008; Wagner and Zhu, 2012; Baniasad 152 
Askari and Ameri, 2018) consider the transversal incidence angle modifier (IAM) Kt 153 
(for varying angle θit) and the longitudinal IAM Kl (for varying angle θil), obtained by 154 
simulation using radiation tracking programs. However, there is no IAM calculation for 155 
the current case study yet, and this is the reason why IAM factors were not considered 156 
in equation 3. 157 
The hourly energy calculation is performed for the characteristic Julian day of every 158 
month, taking into account the DNI values obtained by Liu-Jordan method based on 159 
daily average GHI (Figure 3). Operating time is assumed to be from 10 a.m. to 5 p.m. 160 
because a DNI of at least 400 W/m2 is considered necessary to generate steam with the 161 
equipment in a thermal regime. 162 
 163 
 164 
Figure 3. Hourly DNI values for the most representative months. 165 
Thermal losses from the pipes are also considered for the energy calculation. The main 166 
steam-line of the LFS has insulated and non-insulated sections, and their respective 167 
thermal losses toward the environment are given by equations 6 and 7 (Duffie–168 
Beckman, 2005). 169 
∆Q 12	 = 34	672689 :;<=>?@AB CDE	F@G;?;< HB CDI<J	F@GK<;?HB CDLMN	F@GK?K< HO
          (6) 170 
∆Q 12& = 34	672689 :;<=>?@AB CDE	F@G;?;< HB C;?=IP=QO
            (7) 171 
Where kw, kais and kPVC are the thermal conductivity coefficients of the different 172 

























































































glass wool, and PVC®, respectively; di and do are the inner and outer diameters of the 174 
galvanized steel pipe that carries the HTF, while Di and Do are the inner and outer 175 
diameters of the PVC® cover, Tf and Te are the steam and environment temperatures, 176 
respectively; L is the length of the insulated pipe or non-insulated section; hconv is the 177 
convection coefficient for the steam circulating within the galvanized-steel pipe; ha is 178 
the convection coefficient of the external air and hr is the coefficient of radiation to the 179 
environment and its value is determined by equation 8 (Duffie–Beckman, 2005) where 180 
To is the temperature of the external surface of the non-i sulated section, calculated 181 
through successive iteration. 182 
hS = ε ∙ σ ∙ T3V W T3 ∙ TV W T              (8) 183 
In order to simplify the calculation, outer diameter of the whole non-insulated sections 184 
is assumed as the nominal of the installation (do= 26.9 mm). 185 
Both the steam temperature and the steam fraction dr p throughout the installation due 186 
to the heat transfer to the outer environment. The thermal leap of steam in each section 187 
of the installation is analytically determined by means of the mass and energy balances 188 
(equations 9 and 10) (Mc Adams, 1954) for a model such as the one shown in Figure 4, 189 
where the variables reach a stationary state. 190 
XYC,	[C  X\Y]B^Y W "X_Y]B^Y  X\Y]B^Y(`. W a`                                            (9) 191 
b\.	"c0d0,	`0  c1d1,	`1(  f \  0                                                                           (10) 192 
 193 
Figure 4. Steam pipe model for variables in stationary state. 194 
Where: 195 
• fl	is	the steam flux in kg/s. 196 
• x is the steam fraction. 197 
• θ is the steam temperature, in C. 198 
• ρ is the steam/water mixture density, in kg/m3. 199 
• h is the specific enthalpy of the steam/water mixture, in J/kg. 200 
• δx is the variation in steam fraction. 201 
• δθ is the variation in steam temperature. 202 
















The expressions for calculating temperature variation δθ  and steam fraction δx 205 
derive from the equations of mass and energy balance (equations 11 and 12).  206 
"ρj1(k]δx + lmnoFnkpk] + mnoqFnk pk] x.r δθ = 0                                                            (11) 207 
"−hj1(k]δx + lmnsqnk pk] + mnsqFnk pk] x.r δθ = −Q 1 fl.⁄                                                   (12) 208 
Heat loss Q l is given by equations 6 and 7, for insulated and non-i sulated pipes, 209 
resulting in a system of first-order equations, where ρ1 is the water density contained in 210 
the steam; ρj1 = ρj − ρ1 , where ρj  is the density of the steam phase; hj1 = hj − h1 , 211 
where h1 is the enthalpy of the liquid phase, and hj is the enthalpy of the steam phase, 212 
with all the state variables and their derivatives particularized for the value of the initial 213 
temperature θ.. Final temperature and final title, respectively, will be equal to: 214 
θ = θ. + δθ                                                                                                      (13) 215 
x = x. + δx                                                                                                       (14) 216 
The steam temperature is measured at the beginning of the main line, as shown in 217 
Figure 5. A K-type sensor was used and the data was recorded using a twelve-channel 218 
DigiSense datalogger. This temperature is taken as the initial value for the calculation of 219 
the decrease in steam temperature along the steam line. 220 
 221 
Figure 5. K-type sensor for temperature measurement and main steam line. 222 
5. Thermal energy available for processes 223 
The thermal energy calculation is based on the daily average DNI for each hour and 224 
equation 2 gives the thermal energy absorbed by the HTF, Q . Then, equations 6 and 7 225 
give thermal losses of field pipes, which have to be subtracted from Q  to obtain the 226 
average hourly thermal power available (Baniasad Askari and Ameri, 2018) (equation 227 
15) to feed different processes such as electric power generation, hard water 228 
desalination, and vegetable drying. The average thermal energy (in MJ) is calculated for 229 
each hour (3600 s) taking into account the average thermal power available in the steam 230 
as a constant. A working pressure of 6 bar is considered for all processes. 231 

















The thermal power of the steam, for each hour, is shown in Figure 6. A range of 233 
variation from 4 kWth to 49 kWth is observed. Low values are reported at first hours of 234 
sun as well as last hours. Maximum thermal power values are situated in a range of 15 235 
kWth and 49 kWth in the solar midday. This range corresponds to that determined by 236 
Hongn (2017) through his model developed in Python, obtaining a maximum thermal 237 
power of 43.5 kWth. 238 
 239 
Figure 6. Hourly thermal power of the steam for each characteristic day. 240 
The thermal efficiency of the absorber, for steam production, is defined by equation 16 241 






                                                                                                 (16) 243 
 244 
Figure 7. Hourly variation for thermal efficiency of steam generation at the absorber. 245 
The results of thermal power and thermal efficiency obtained in the present study are 246 












































































Hongn (2017) for the same Fresnel System. The comparison of main parameters is 248 
shown in Table 2. 249 









of steam (ºC) 
Lin et al., 2013 Shanghai 14.4 - 37 – 45 90 – 150 
Bermejo et al., 2010 Sevilla 352 60 – 180 16 – 24 180 
Hongn, 2017 San Carlos 172 43.5 20 – 45 160 – 170 
Actual study San Carlos 172 15 – 49 15 – 33 160 – 180  
 250 
5.1.  Direct injection of steam in the dryer 251 
The generated steam is used to pre-heat the air from the environment to introduce it into 252 
the drying chamber. Thermal transference takes place by means of the steam-air 253 
condenser type.  Figure 8 shows the values of thermal energy available in each section 254 
of the steam line where the different steam consumers are connected. 255 
 256 
Figure 8. Incident solar thermal energy, energy available for desalination, energy 257 
available for power generation, and energy used in the dryer. 258 
As shown in Figure 8, relatively low values are observed in February, due to the 259 
climatic conditions of cloudiness and precipitation, typical characteristics of the valleys 260 
in the province of Salta. The working temperature is obtained by regulating the pressure 261 
with the control valves. Figure 9 shows how the steam temperature decreases due to the 262 
thermal losses of the pipes. For months of high temperature, the average relative 263 
decrease is -0.61 °C/m, and slightly higher for months of low temperature, -0.67 °C/m. 264 
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Figure 9. Decrease in the steam temperature throughout the installation, from end of 267 
absorber to condenser inlet. Left: January. Right: June. 268 
5.2. Electric power generation 269 
Electric power generation occurs before the steam goes into the condenser. Electric 270 
power, in kWhe, is calculated by equation 17. Then, the residual steam is used in the 271 
condenser and this steam releases its thermal energy and pre-heats the environment air 272 
for the drying process. 273 
EE  3600 ∙ "N ∙ η'S ∙ ηjS(/3.6 kWh MJ⁄                                                          (17) 274 
 and  are the mechanical efficiency of the transmission and electric efficiency of 275 
the tree-phase generator, respectively. Effective mechanical power developed by the 276 
steam engine (Nu) was determined by experimental measurements with a torque-meter 277 
built for this purpose (Figure 10). 278 
 279 
Figure 10. Torque-meter for measurements of effective mechanical power. 280 
Measurements are performed in an indirect way, by manually activating the brake until 281 
the revolution regime becomes permanent. At this pont, a reading of the brake force is 282 
taken on the scales located at the end of the lever. Effective power in Watts is equal to: 283 































































Where brake force F is measured in pounds (scales unit) and speed regime in rpm. The 285 
effective power of the steam engine is obtained for different working pressures (Figure 286 
11). 287 
 288 
Figure 11. Effective mechanical power developed by the steam engine, as a function of 289 
rpm and for different admission pressures. For a regime of 288 rpm and a working 290 
pressure of 6 bar, the steam engine generates an effective mechanical power of 2.4 kW. 291 
Figure 12 shows the available thermal energy for desalination and drying processes, 292 
when steam is used to generate electrical energy. In relative terms, the mechanical 293 
energy developed by the steam engine is small, and this is due to the top mechanical 294 
power engine for a speed of 288 rpm. This power increases if the rpm regime increases 295 
or if the intake steam pressure increases, as seen in Figure 11. 296 
297 
 Figure 12. Incident solar thermal energy, energy available for desalination, energy 298 
available for power generation and energy used in the dryer, when steam is used to 299 
generate electrical energy. 300 
The temperature of the steam decreases throughout te installation at a rate of -3.04 301 
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Figure 13. Temperature of steam through the pipe. Left: January. Right: June. 304 
The thermal losses from engine head, together with the expansion work, produce a 40-305 
50 °C decrease in the steam temperature. This thermal decrease is common in this type 306 
of low power thermal machines. It is observed that e temperature of the exhaust steam 307 
is around 100 °C, containing enough energy to be applied to desalination and drying 308 
processes. 309 
5.3. Desalination of hard water 310 
The amount of distillate depends on the technology that is used as well as the available 311 
thermal energy of the steam. In this case, a multi-stage distiller is connected to the main 312 
steam line, between the power block and the condenser, and its gain output ratio (GOR) 313 
is equal to 2.7 (Diaz 2017; Franco and Saravia, 1994). Equation 19 gives the amount of 314 
distillate in kg. 315 
m 
	∙	I3.Dq ∙ GOR                                                                                                 (19) 316 
Ea is the thermal energy from the steam source, which can be complemented by direct 317 
solar gain (evacuated tubes) or electric resistances, if necessary. It is important to 318 
consider that not all of the thermal energy can be us d in the desalination process, 319 
because the residual steam has to contain enough energy for the drying process. 320 
Therefore, the steam flow has to be regulated so that not all the thermal energy will be 321 
transferred to the water of the tank. This fact is considered by the k-factor in equation 322 
19, which is assumed as k=0.4. Desalinated water production is summarized in Figure 323 
14 with average daily values (it means, for characteristic days), when no mechanical 324 


























































































Figure 14. Production of desalinated water; monthly average per day. 327 
Figure 15 shows the thermal energy involved in the processes. Production of desalinated 328 
water causes an important decrease in the thermal energy available for the drying 329 
process. 330 
 331 
Figure 15. Incident solar thermal energy, energy available for desalination, energy 332 
available for power generation and energy used in the dryer, when steam is used for a 333 
desalination process. 334 
5.4. Desalination of hard water and electric power generation 335 
The steam is used for both processes, desalination of hard water and electric power 336 
generation. Firstly, electric power is generated anthe residual steam of this process is 337 
used in the distiller. The power block generates th same amount of electric energy, but 338 
the production of desalinated water decreases as shown in Figure 16. 339 
 340 
Figure 16. Production of desalinated water; monthly average per day while electric 341 
energy is generated. 342 
Now, the available thermal energy for the drying process is lower than that for the other 343 
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Figure 17. Incident solar thermal energy, energy available for desalination, energy 346 
available for power generation and energy used in the dryer, when steam is used for 347 
electric power generation and water desalination. 348 
6. CONCLUSIONS 349 
The present study performed the energy analysis of the LFS concentration system 350 
mounted in the city of San Carlos, Salta province, Argentina. The study was performed 351 
for the characteristic days of each month, with a covered absorber, and an operating 352 
time from 10 a.m. to 5 p.m. was assumed. The calculation of the energy absorbed by the 353 
HTF considers the measured values of the solar irradiation which reaches the mirror 354 
field, as well as the temperature of the steam generated by the equipment at the absorber 355 
outlet and working pressure. 356 
Four scenarios for utilization of the steam were considered: direct steam injection into 357 
the condenser, electric power generation, desalinated water production and, finally, 358 
power generation and desalination together. 359 
It was determined that the LFS generates steam with a daily average thermal energy of 360 
around 460-1200 MJ at the absorber outlet, according to the month and the solar 361 
irradiation available. It means 243 GJ accumulated p r year. The availability of thermal 362 
energy for desalination processes ranges between 198 MJ (in winter, with electric power 363 
generation) and 10 GJ (in summer, without electric power generation). Lower values are 364 
obtained during the months of low solar irradiation. As a result, it would be convenient 365 
to take these values into account when implementing other desalination technology, 366 
since low values of thermal energy would demand the use of auxiliary systems to supply 367 
this energy lost in desalination processes. The multistage distiller proposed here is able 368 
to produce from 98 to 112 m3 of pure water per year. Practically the same amount f 369 
energy at the absorber outlet is available for electric generation. A valve for steam 370 
deviation is mounted for this process before the desalination process, so the thermal 371 
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engine. The power block can supply 5.2 GJ (1.5 GWh) annually, for a 288 rpm regime 373 
and working pressure of 6 bar. However, the electric supply varies with the electric load 374 
or consumption, and it affects the working pressure, temperature, thermal energy of the 375 
steam, and residual energy for the following process. 376 
The steam temperature analysis reveals that it is necessary to improve the insulation of 377 
the pipes, particularly in sections where the valves are located. It is also observed that 378 
the thermal energy contained in the steam could be used for greater power generation, 379 
but for this goal a steam engine with higher performance is necessary. A more accurate 380 
estimate of the energy use could be obtained by more and better measurements in the 381 
different pieces of equipment. This involves the usof transducers and data loggers to 382 
measure pressures and temperatures instantaneously in each process, as well as the use 383 
of a central computer for the real-time recording of those parameters. As future work, 384 
the authors - and the work team of the Fresnel system of San Carlos - are developing a 385 
system for measuring and recording of temperatures, pr sures and steam flow, with the 386 
aim of controlling such parameters by acting directly on the valves and the regulation of 387 
feed water flow. 388 
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• The energy analysis of the LFS concentration system mounted in the 
city of San Carlos, Salta province, Argentina was performed. 
 
• Thermal losses at the absorber cavity as well as field pipes were 
determined. 
 
• Available thermal energy for different applications was determined. 
 
• It was determined that the LFS generates steam with a daily average 














A  Absorber external area (m
2) 
A  Area of each mirror (m
2) 
d  Inner diameter of field pipe (m) 
D  Inner diameter of PVC
® cover (m) 
DNI  Direct normal irradiance (W/m2) 
do  Outer diameter of field pipe (m) 
Do  Outer diameter of field PVC
® cover (m) 
E Thermal energy from the steam source (MJ) 
EE Electric power (kWhe) 
F Brake force (lbf) 
F  Cleanliness factor (dimensionless) 
f  Illuminated fraction of the absorber (dimensionless) 
F  Intercept factor of receiver (dimensionless) 
f Steam flux (kg/s) 
GOR Gain output ratio (dimensionless) 
h  Convection coefficient of the external air (W/m
2K) 
h  Convective coefficient of steam inside the pipe (W/m
2K) 
h Steam specific enthalpy at section 0 for control volume (J/kg) 
h Steam specific enthalpy at section 1 for control volume (J/kg) 
hr  Linear coefficient of radiation to the environment (W/m
2K) 
k Portion of Ea used for desalination (dimensionless) 
k  Conductive coefficient of isolation (W/mK) 
k  Conductive coefficient of PVC
® cover (W/mK) 
k  Conductive coefficient of pipe wall (W/mK) 
L  Field pipe length (m) 
m Amount of distillate (kg/day) 
n Speed regime of steam engine (rpm)  
N Effective mechanical power developed by the steam ngine (W) 
Q   Average hourly thermal power (W) 
Q i  Incident thermal power (W) 
Q " Total heat loss at each point of the installation (W)
Q  Heat loss to environment through field pipes (W) 
T  Environmental temperature (K) 
T$  Steam temperature (K) 
T  Temperature of external surface of the non-insulated section (K) 
T%%  External temperature of pipes (K) 
U'  Heat loss coefficient (W/Km
2) 
x Steam fraction at section 0 for control volume (dimensionless) 
















α  Absorptivity of pipes surface (dimensionless) 
δθ  Variation in steam temperature (K) 
δx  Variation in steam fraction (dimensionless) 
∆Q   Thermal losses from the absorber to environment (W) 
∆Q -  Thermal losses toward environment by insulated pipes (W) 
∆Q -  Thermal losses toward environment by non-insulated pipes (W) 
ε  Emissivity of external surface of the non-insulated pipes (dimensionless) 
η01 Efficiency of electric generator (dimensionless) 
η23 Thermal efficiency of the absorber (dimensionless) 
η21 Efficiency of mechanical transmission of power block (dimensionless) 
θ Steam temperature at section 0 for control volume (K) 
θ Steam temperature at section 1 for control volume (K) 
θ  Incidence angle (º) 
ρ Steam density at section 1 for control volume (kg/m
3) 
ρ0 Gas phase density (kg/m
3) 
ρ  Reflectance of each mirror (dimensionless) 
ρ Liquid phase density (kg/m
3) 
σ  Stefan-Boltzmann constant (5.670373 × 10-8 W/s3K4) 
τ  Transmittance of glass cover (dimensionless) 
 
